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billion. 6 Notably, however, a 2013 analysis (the most recent analysis with expenditures broken down specific to Radiation Oncology principle investigators) suggests that <0.3% of NIH-funded principal investigators work in the field of radiation oncology and secure a limited portion of the funding provided for cancer research by the NIH. 7 In the third annual State of Cancer Care in America report, the American Society of Clinical Oncology (ASCO) describes challenges and opportunities facing the U.S. cancer care system. Exciting progress in treatment is set against the backdrop of increasingly unsustainable costs and volatile practice environments. 5 Furthermore, the aging population transforms an increasing number of patients whose cancer will be complicated by chronic diseases. The ASCO findings may be extrapolated to overarching healthcare in the United States and to the patient population suffering from non-neoplastic conditions and benign tumors. In the anticipated future of NIH funding and healthcare in the United States, there is increasing impetus to attain sustainable care: reducing inefficiencies and improving outcomes. In light of limited resources and increasing demand, this is a challenging task. We must find better ways of allocating the resources we have, and focusing on what can make the greatest impact to patients. 8 The majority of patients treated with external beam RT are treated for cancer; however, the same treatment infrastructure can be used to administer RT to patients with a variety of non-neoplastic conditions and benign tumors. Indications for RT of benign disease have been identified as: acute/chronic inflammatory disorders, acute/ chronic painful degenerative diseases, hypertrophic (hyperproliferative) disorders of soft tissues, functional diseases, among other indications. 9 Preclinical evidence even indicates that some anticancer radiotherapy techniques can be effective in treating infectious diseases. 10 RT is a well-accepted and frequently practiced treatment for several benign diseases in Germany. 11 Outside of Europe, however, the use of RT to treat benign disease is often regarded with skepticism.
Only about ten of a potentially 100 indications for RT of benign diseases would be treated by more than 90% of North American radiation oncologists, according to a 1990 survey. 9 (Eastern Europe, 85% vs United States, 5%). 11 Beyond those widely and regionally accepted indications, there exist a subset of nontraditionally explored indications (movement disorders, rhizotomy outside of the brain, psychiatric disorders, and cardiac arrhythmias) that have been favorably reported in small patient cohorts. [12] [13] [14] Some estimates predict that upward of one-third of all patients undergoing total hip arthroplasty will develop HO, or approximately 50 000-60 000 patients in the United States alone. 11 RT was first used in 1981 in patients at high risk of HO. Several randomized and some prospective randomized trials support RT as a prophylactic treatment of HO and support a dose de-escalation to 7 Gy in a single fraction. [15] [16] [17] [18] [19] [20] [21] [22] [23] It is possible that RT could provide a useful treatment modality with low acute toxicity for patients with benign conditions in an age group where the risk of late-term toxicity is not clinically relevant. 4 Randomized trials of prophylactic therapy for this condition demonstrated that both RT and NSAIDs produced very low rates of HO. In a meta-analysis, RT reduced the risk of Brooker grades 3-4 HO significantly better than NSAIDs (0.9% vs 2.9%, P = 0.043). For overall HO, there was no significant difference in outcome between the two measures. 16 Current radiobiological evidence suggests RT at the low to intermediate doses used for many benign conditions will cause cell and molecular changes, although these will be largely asymptomatic during the therapy and for the acute time period thereafter. Doses used for treating benign tumors are much closer to the standard cancer therapeutic range, and for some indications, for example, trigeminal neuralgia, the dose is very high (70-90 Gy) though delivered to a very small volume. Hence, since the total integral dose of radiation is significantly less than that delivered to most patients treated for malignant tumors, the chance of overt effects related to dose and radiation quality is low. 4 In the end, given the age range of most patients and the relatively low RT doses and/or fields employed for benign conditions, the risks of RT may be lower than the risks of alternative pertinent therapies such as anti-inflammatory drugs and other interventions. 4 It is likely that most of the contention against RT for benign conditions, and the decline in its service, is the fear of the risk of radiation-induced cancer (RIC). 4 Over the past several decades, wellconducted epidemiological studies and large patterns of care studies have been performed including studies of Japanese atomic bomb survivors who were exposed to whole-body irradiation. Risk of RIC appeared to increase approximately linearly with dose. The risk was also proportional to the radiation field size and significantly reduced as the age at initial radiation exposure increased. 24 Genetic data now available also support potential germline mutations that may exist in cancer survivors predisposing this population to a greater likelihood of secondary cancers than that of the general public. 24 Evidence of RT for many benign conditions is comprised mainly of case reports or small single institution retrospective series. The radiobiological mechanisms to explain the success in controlling the varied indications are likely a rather complex collaboration of several effects. 9 Recent research in radiotherapy of cancer has resulted in a much greater understanding of the effects of radiation on the immune system. These immune effects could have significant impacts on the role of RT in the treatment of non-neoplastic, or benign diseases, as well. More basic research has to be initiated or strengthened, and controlled clinical multicenter studies conducted to confirm basic research data, and prove treatment efficacy. Current radiation prescriptions vary with regard not only to the single and total doses but also to fractionation schedules and treatment techniques. The last written recommendations for the treatment of nonmalignant disease in the United States were made by the Bureau of Radiologic Health in 1977. 4 Thus, no treatment standard has been established in many of the indications. 11 It is time for those working in Radiation Oncology departments and investigating different funding opportunities to embrace non-oncologic applications that can be served by the great technological advances in our field. Acceptance of stereotactic radiosurgery and stereotactic body RT for various benign conditions including ventricular tachycardia are evidence of the increasing acceptance that more advanced radiation delivery can minimize dose to normal tissues and provide noninvasive treatments to benign conditions for which surgical and other treatments are fraught with increased complications and/or costs. The use of radiation for these expanded indications brings in new collaborators, commercial and social interest, and drives new technological advancements that can then be applied to oncologic and non-oncologic applications alike. Therefore, based on the above facts, future funding of radiotherapy by the NIH should allocate at least 20% of its funds to non-oncologic applications.
3.B | Subarna Eisaman, MD, PhD; Laura Padilla,

PhD; Stephen Brown, PhD
There are many reasons we disagree that "in the future, at least for dose distribution, the radiation beams are optimized to deliver a higher dose to specified target volumes, while reducing the dose to adjacent organs at risk (OARs). The NSABP Protocol R-03 trial studying pre-and postoperative chemoradiation for rectal cancer used traditional four-field box 2D RT in 1997 and reported grade 3 or higher diarrhea (39% preoperative arm) as their principal toxicity. 26 With 3D-CRT, grade 3 or higher diarrhea was down to 6.3% for 859 similar rectal cancer cases. 27 It is clear, from these data and others, that better physical targeting and conformality of radiotherapy treatments can improve patient outcomes. Beyond 3D conformal radiotherapy, the evolution of modern radiation oncology has continued with the advent of image-guided RT (IGRT), intensity-modulated RT (IMRT), volumetric-modulated arc therapy (VMAT), linear accelerators with MR capabilities, etc. These technologies have radically improved how accurately and precisely we can target and treat a given anatomical volume. It stands to reason that this may lead some to believe that the technology is reaching a plateau, and funding could be better used elsewhere. However, one must look deeper than just anatomy and equipment capabilities and into biology. Precision medicine is based on precise delivery at the molecular level, and we still PARALLEL OPPOSED EDITORIAL | 9 have a long way to go to truly understand the mechanisms and interactions, and how to best use them to our advantage.
Although the mechanisms may not be fully understood, we do know that radiotherapy has the ability to alter the predominant method of cell kill with anatomic precision through proper targeting and adaptive dose fractionation schemes. This flexibility makes it an invaluable tool to optimize the therapeutic ratio within an individual tumor by modifying the local tumor microenvironment and the systemic immune response. Allowing the radiobiology to inform the treatment design could augment the therapy's efficacy by including molecular targeted therapy, or complementing the treatment with adjuvant therapy for tumors that are identified to be genomically predisposed to radioresistance. Both molecular and immunologic targeted agents can be used to sensitize tumor cells to radiotherapy. 
Charles Maitz, DVM, PhD
We appreciate our colleagues' thoughtful position against allocating at least 20% of NIH funding to radiotherapy into non-oncologic applications however, we respectfully disagree with their position to accept the status quo as sufficient. Having said that, we do wholeheartedly agree with their position that research dollars should be dispersed based on merit. The intense scrutiny of grant proposals and distribution of funds developed by the NIH, while it may have some inherent issues, is a robust vetting process to determine the best projects and investigators most likely to succeed. In addition to rewarding grants based on these merits, however, the NIH is fully capable of emphasizing a particular disease site or concept. Providing such financial incentives will help further guide or attract those with merit to the demarcated disease or condition of need. Furthermore, the concern posed by our colleagues that a pre-allocated portion of radiotherapy funds be directed to non-oncology diseases, while well intended, is an optimistic vision of our guaranteed funding and a myopic one of the future prospects of our field. First off, the NIH explicitly states that it "does not expressly budget by category. The annual estimates reflect amounts that change as a result of science, undoubtedly circle back to benefit the oncologic patient as well.
Our colleagues opined that in the study of RT for non-oncology indications, funding should only be directly increased if a catastrophic event (another 9-11 urgent emergency) occurs or an extreme national need is felt. We would argue that, first of all, if investment is spurred only by a catastrophic event, then we have missed an opportunity to provide appropriate care of our patients. To help put this argument in context, the World Health Organization (WHO) has stated that antibiotic resistance is one of the biggest impending threats we are facing today in global health. 28 There is some evidence that RT may be able to treat some resistant bacterial, fungal, and viral (including HIV) infections. 10, 29 However, there has not yet been a concerted push to fund this application of RT. Second, is not the magnitude of patients suffering from these aforementioned conditions already a concern? At what point do we become alarmed that a modality is not being further explored that could control their condition(s)? And third, is not the state of the American healthcare system at a point of crisis in the here and now? If there is a possibility that the treatment of a condition or episode may be better managed by RT, as some data have shown in cancer diagnosis compared to surgery and/or targeted agents, should it not be explored as a definitive and cost-effective measure in other, relevant diseases? 30 Our colleagues readily point out that NIH-funded projects in Radiation Oncology have historically paved the way for improved technological advances. We agree with this sentiment and are optimistic that our advancements may be reapplied to the non-oncology disciplines approximately a century after these disciplines largely abandoned it out of concerns for toxicity. This time we can apply RT with greater accuracy and knowledge to ablate a dysfunctional electrical pathway in the heart or minimize radiation side effects in a young patient with recurrent keloids to name just two examples. We are aware, however, that specific caution still needs to be exercised in young patients, and that children should only be treated in emergency situations where no other therapeutic solutions seem possible. 24 In closing our rebuttal, we also conclude along with our colleagues that precision medicine is based on an improved understanding of the mechanisms and interactions at the cellular level. What we disagree upon, however, is that this understanding can only come from remaining affixed to the notion of siloed advancement of radiotherapy by Radiation Oncologists in oncology alone. At the time of this writing, the American Academy of Neurology Annual meeting in Philadelphia had just concluded. One of the notable findings at this meeting was that female multiple sclerosis patients have a reduced risk of relapse in the postpartum period if having breastfed their child. While the decline in multiple sclerosis severity surrounding pregnancy was expected, the drop from breast-feeding is not as easily explained nor inherently expected in this autoimmune disease.
While multiple sclerosis and pregnant patients may be very remote from RT at this moment in time, the mechanism of the immune response is of interest to and heavily studied in our field. We propose that expanding our collaborative partners, broadening our area of interest, and disrupting our notion that the study of radiotherapy must stay in the "four-field" box of oncology will enable us to embrace the larger objective of healing the patient as a whole.
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Our colleagues eloquently document the need for research dollars in non-oncologic uses, but fail to provide reasons to support their stated view that a percentage (~20%) of scarce NIH funds currently allocated for radiotherapy should be diverted to non-oncologic research. We agree that non-oncologic research is important. In fact, we provide some of the same arguments as our colleagues in support of the need for further studies to improve currently accepted non-oncologic uses of radiotherapy, as well as investigate less explored applications, such as radiotherapy for psychiatric disorders.
We wholeheartedly agree that "The use of radiation for these expanded indications brings in new collaborators, commercial and social interest, and drives new technological advancements"it would diversify and expand the scope of our field and be beneficial to all of those involved. However, this transition needs to be done on the shoulders of quality research; proposals should be funded, regardless of whether they are for oncologic or non-oncologic applications of radiation, based on their excellence in "Significance, Innovation, Approach, Investigators, and Environment" when compared to the rest. Perhaps if the argument is that quality research is not being funded for non-oncologic applications of radiation, the discussion should be shifted toward how proposals dealing with medical uses of radiation are evaluated, not how much money should be pre-allocated away from one application to the other. There remains a lot of work and innovation to be done in radiation oncology that could improve patient outcomes and at the same time provide valuable information for non-oncologic applications, or as our colleagues said" …that can then be applied to oncologic and non-oncologic applications alike."
As the group arguing for the proposition also pointed out, "Recent research in radiotherapy of cancer has resulted in a much greater understanding of the effects of radiation on the immune system. These immune effects could have significant impacts on the role of RT in the treatment of non-neoplastic or benign diseases, as well."
As this statement alludes, and has been noted in the literature 31 and throughout this debate before, cancer research can provide valuable information for other applications of radiotherapy. As cancer is one of the leading causes of death at a national and international level, well-designed, strong projects investigating how to achieve the greatest therapeutic power with minimal side effects can have great patient impact and their funding should not be jeopardized by prestipulated allocations. However, since we all agree that the field has the potential to affect the lives of many patients beyond cancer, radiation oncology proposals pursuing funding should include budgeted tissue collections for genomic studies and other means of contributing to big data resources available to the scientific community.
This could help build centralized databases to inform precision oncology and genomic guided radiotherapy studies, 32 as well as contain identifiable patient traits that might aid the design of non-oncologic radiotherapy courses and predict outcomes as studies for new applications arise.
We also concur with our colleagues that the use of ionizing radiation poses risks, some of which are not completely understood.
Consequently, research dollars are needed. Once again, our contention, not refuted by our opposition, is that the allotment of funds for such research needs to be weighed against other priorities according to the NIH guidelines of peer review.
Overall, we agree there are many worthwhile non-oncologic radiation research venues that may merit funding. The allocation of NIHfunds should continue to be based on scientific merit. In the current environment of limited NIH funding, there is no reason to allot at least 20% of the radiation research dollars from already underfunded oncologic radiation research to non-oncologic ends.
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